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(57)Abstract: 

PURPOSE: To prevent back-fire generated at the time of 
spark-delay control of ignition timing concerning a valve 
timing control device of an internal combustion engine to 
control valve opening timing of an air suction pipe. 
CONSTITUTION: When ignition timing is spark-delay 
controlled, opening valve timing of an air suction valve 16 is 
spark-delayed from before an upper dead point (BTDC) <x° CA 
to after the upper dead point (ATDC)rf CA. When ignition is 
spark 0 delayed, even after an exhaust process, unburnt gas 
resides in a combustion chamber 28 (drawing (B)) f but as the 
air suction valve 16 is closed, the gas does not backflow to an 
air suction port 14 and no back-fire is caused. Thereafter, 
when a piston 22 descends, temperature and pressure in the combustion chamber 28 are lowered by 
adiabatic expansion (drawings (C), (D)), and even if the air suction valve 16 opens, fuel in the air 
suction port 14 is not ignited. 
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* NOTICES * 

Japan Patent Office is not responsible for any damages caused by the use of this 
translation. 

1 . This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The internal combustion engine having the ignition timing-control equipment which 
determines ignition timing based on operational status, In the valve timing control unit of the 
internal combustion engine which changes the valve-opening timing of an intake valve by 
controlling an adjustable valve timing device When angle-of-delay control of said internal 
combustion engine's ignition timing is carried out by said ignition timing-control equipment So 
that said intake valve may open, by the time said internal combustion engine is shifting to an 
inhalation-of-air process from an exhaust air process and a piston reaches a bottom dead 
point from a top dead center The valve timing control unit of the internal combustion engine 
characterized by having a valve-opening timing setting means to control said adjustable valve 
timing device. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the valve timing control device of the internal 
combustion engine suitable for controlling the valve "opening timing of the intake valve in the 
internal combustion engine to which an internal combustion engine's valve timing control 
device is started, especially angle-of-delay control of ignition timing is given. 
[0002] 

[Description of the Prior Art] Quality of an unburnt material, such as a hydrocarbon (HC), a 
carbon monoxide (CO), and nitrogen oxides (NOx), is contained in the exhaust gas discharged 
by the internal combustion engine. For this reason, when it carries an internal combustion 
engine in a car, it is necessary to remove such quality of an unburnt material. The three way 
component catalyst is known as matter which purifies such quality of an unburnt material 
efficiently, and is purifying exhaust gas by forming a three way catalytic converter all over a 
fiueway in the car with which good exhaust air emission is demanded. 
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[0003] By the way, a three way component catalyst is HC, CO, and NOx, when the temperature 
is in a predetermined activity temperature field. When it purifies effectively and the 
temperature has not arrived at an activity temperature field, it has the property in which 
clarification capacity declines remarkably. For this reason, the exhaust gas which contained 
the unburnt component so much with the exhaust gas discharged by the internal combustion 
engine until the three way component catalyst fully got warm will be discharged in 
atmospheric air. 

[0004] Therefore, if an internal combustion engine starts, it is necessary to carry out 
temperature up of the three way component catalyst to an activity temperature field promptly, 
and as equipment for it, the equipment which carries out angle-of-delay control of the ignition 
timing is known until an internal combustion engine's warming up is completed. That is, while 
the three way component catalyst has not fully got warm while an internal combustion engine's 
warming up that is, by carrying out the angle of delay of the ignition timing, the 
elevated-temperature gas of incomplete combustion is made to discharge intentionally from an 
internal combustion engine, and early temperature up of a three way component catalyst is 
planned. 

[0005] JP,1-92582,A is indicating the application of the equipment for it. This equipment is 
equipment for the internal combustion engine of a simultaneous firing method which transmits 
an ignition signal to the ignition plug in which angle-of-delay control of the above-mentioned 
ignition timing was prepared in two or more combustion chambers simultaneously to realize. 
[0006] With a simultaneous firing method, it is the method which transmits an ignition signal 
to two ignition plugs prepared in the combustion chamber where a piston carries out the same 
actuation simultaneously in the internal combustion engine of a 4-cylinder. In addition, if one 
combustion chamber shifts to a pressing-operation - explosion process in this case, the 
combustion chamber of another side should shift to the exhaust air process - inhalation-of-air 
process. That is, although the spark emitted from one ignition plug causes explosion in the 
combustion chamber by which the ignition plug is arranged, it does not pass over the ignition 
plug of another side to only have carried out no-load striking ******, and it does not have a rate 
to some extent with a spark not occurring. 

[0007] However, if the above-mentioned ignition timing angle-of-delay control is performed, 
back fire may occur with the fuel gas by which it is the combustion chamber to which no-load 
striking ****** should originally be performed, the inhalation-of-air process has already 
started, and only the part which was in ignition was inhaled in the meantime. 
[0008] So, with equipment given [ above-mentioned ] in an official report, a limit is prepared in 
the amount of angles of delay of ignition timing, it prevents that no-load striking ****** starts 
an inhalation-of-air process, and prevention of the back fire by this is in drawing. 
[0009] 

[Problem(s) to be Solved by the Invention] However, when angle-of-delay control of the ignition 

2/12 



[JP,06-117348,Al 



timing is carried out in an internal combustion engine, compared with the case where it lights 
by the usual ignition timing, the rate of combustion of a fuel is slow, and combustion pressure 
is low. For this reason, if angle-ofdelay control is performed, even if an exhaust air process is 
completed, in addition, hot incomplete combustion gas will remain to the combustion chamber. 
[0010] If an inhalation of air process is started in this condition and an intake valve is opened, 
the elevated-temperature gas under combustion which remained to the combustion chamber 
will be attracted with the negative pressure currently stored in the inlet pipe, and will flow 
backwards an inlet port. And it ignites to the fuel in an inlet pipe, and back fire occurs. 
[00 11] That is, even if the above-mentioned conventional equipment can prevent the back fire 
by no-load striking ******, it cannot prevent back fire by the elevated-temperature incomplete 
combustion gas produced by angle-of-delay control. 

[0012] This invention is made in view of an above-mentioned point, and aims at offering the 
valve timing control unit of the internal combustion engine which prevents the back fire 
generated at the time of angle-of-delay control of ignition timing by performing angle-of-delay 
control of the valve-opening timing of an intake valve together with angle-of-delay control of 
ignition timing. 
[0013] 

[Means for Solving the Problem] The above-mentioned technical problem the valve-opening 
timing of the intake valve of the internal combustion engine having the ignition timing-control 
equipment which determines ignition timing based on operational status In an internal 
combustion engine's valve timing control unit changed by controlling an adjustable valve 
timing device As shown in principle drawing of drawing 1 , when angle-of-delay control of said 
internal combustion engine's 1 ignition timing is carried out by said ignition timing-control 
equipment 2 So that said internal combustion engine's 1 intake valve la may open, by the time 
said internal combustion engine 1 is shifting to an inhalation-of-air process from an exhaust air 
process and a piston reaches a bottom dead point from a top dead center It is solved by the 
valve timing control unit of the internal combustion engine which has a valve opening timing 
setting means 4 to control said adjustable valve timing device 3. 
[0014] 

[Function] In the valve timing control unit of the internal combustion engine of the 
above-mentioned configuration, said ignition timing-control equipment 2 determines said 
internal combustion engine's 1 ignition timing. Said valve-opening timing setting means 4 
distinguishes whether said ignition timing-control equipment 2 is performing angle-of-delay 
control of ignition timing. 

[0015] And when angle-of-delay control of the ignition timing was carried out and it 
distinguishes, said valve-opening timing setting means 4 supplies the signal for carrying out 
the angle of delay of the valve-opening timing to said adjustable valve timing device 3. 
[0016] Based on the signal supplied from said valve-opening timing setting means 4, said 
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adjustable valve timing device 3 carries out the angle of delay of the valve timing of said 
internal combustion engine's 1 intake valve la, and sets the timing which said intake valve la 
opens to from a top dead center before a bottom dead point. 

[0017] That is, by the combustion chamber, temperature and a pressure continue declining by 
adiabatic expansion with descent of a piston until it is still closing intake valve la and intake 
valve la opens, even if a piston begins descent across a top dead center. Therefore, if intake 
valve la is opened, the fuel which was standing by in the inlet port will be inhaled by the 
combustion chamber of low voltage low temperature. 
[0018] 

[Example] Drawing 2 shows the block diagram of this example equipment, this drawing " 
setting - a sign 10 - an air cleaner and 12 - a throttle valve and 14 - an inlet port and 16 - an 
intake valve and 18 - a cylinder block and 20 - the cylinder head and 22 - a piston and 24 - in 
a connecting rod and 26, an ignition plug and 32 show an exhaust air bulb, and, as for a 
crankshaft and 28, 34 shows an exhaust port, as for a combustion chamber and 30. Since these 
are only well-known components as an internal combustion engine, explanation 
connection-related [ the / detailed ] is omitted. 

[0019] This internal combustion engine is the so-called double-overhead-camshaft (DOHC) type 
of internal combustion engine, and has the air inlet cam shaft 36 of an intake valve 16, and the 
exhaust cam shaft 38 for actuation of the exhaust air bulb 32. Pulleys 40 and 42 are attached in 
the axis end of these cam shafts 36 and 38, and it is almost wound around the timing pulley 50 
on a crankshaft 26 by the timing belt 44. 

[0020] During a revolution of these cam shafts 36 and 38, the intake valve 16 and the exhaust 
air bulb 32 of resisting and opening to a valve spring 46 to each timing are well known. 
Moreover, a sign 48 shows an ignitor and distributes an ignition signal to an ignition plug 30 to 
predetermined timing based on the signal transmitted from an internal combustion engine's 
electronic control. 

[0021] The adjustable valve timing device 60 of the type which controls valve timing is 
connected with the air inlet cam shaft 36 for actuation of an intake valve 16 by rotating a cam 
shaft 36 relatively to a pulley 40 26, i.e., a crankshaft. Drawing 3 - drawing 5 show the block 
diagram of this adjustable valve timing device. Hereafter, the adjustable valve timing device 
used for this example equipment is explained along these drawings. 

[0022] As shown in drawing 3 , the inner sleeve 62 is fixed to the end of the air inlet cam shaft 
36 with a bolt 64, and the outer sleeve 66 is attached free [ a revolution ] by the roller bearing 
68 on the inner sleeve 62. In addition, the outer sleeve 66 is formed in the pulley 40 for 
actuation of the air inlet cam shaft 36, and one. 

[0023] The inner sleeve 62 and the outer sleeve 66 are equipped with the projections 62a and 
66a prolonged in shaft orientations, respectively. As shown in drawing 4 which is IV sectional 
view in drawing 3 , these projections 62a and 66a are formed by turns at intervals of about 90 
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degrees, and the rollers 70 and 72 turning around the circumference of the same axle are 
arranged between projection 59a which approaches, respectively, and 62a. 

[0024] In addition, in this example equipment, 4 sets of rollers 70 and 72 are formed in the 
perimeter of a slider 74, and the edge of Projections 62a and 66a is in contact with the side face 
of rollers 70 and 72, respectively. As shown in drawing 3 , this slider 74 is attached free [ a 
revolution ] through the roller bearing 76 on the nut 78 which has an inner screw. 
[0025] Moreover, in drawing 3 , a sign 80 shows a step motor. Output-shaft 80a of a step motor 
80 has the outside screw, and is engaging with the inner screw of a nut 78. Furthermore, advice 
section 80b which engages with guide rail 78a prepared in the periphery of a nut 78 is prepared 
in housing of a step motor 80. For this reason, if output-shaft 80a rotates, rectilinear motion of 
the nut 78 will be carried out to those shaft orientations. 

[0026] By the way, as shown in drawing 4 and drawing 5 (V in drawing 4 view drawing), (the 
inside of drawing 5 , 62b), and another side are fabricated aslant (inside of drawing 5 , 66b) by 
parallel to the shaft orientations which show one side by the arrow in drawing 5 among the end 
faces in contact with the rollers 70 and 72 of Heights 62a and 66a. And parallel end-face 62b 
and slanting end-face 66b became a pair, and are in contact with each rollers 70 and 72. 
[0027] For this reason, when a slider 70 and 74 72, i.e., rollers, carries out rectilinear motion to 
shaft orientations, height 62a and height 66a will rotate relatively. If it puts in another way, 
when output-shaft 80a of the step motor 80 shown in drawing 3 will rotate and a slider 74 will 
move to shaft orientations with a nut 78, the inner sleeve 62 and the outer sleeve 66 will rotate 
relatively. 

[0028] Moreover, as described above, the inner sleeve 62 is being fixed to the air inlet cam shaft 
36 with the bolt 64, and the another side outer sleeve 66 is formed in the pulley 40 for air inlet 
cam shaft 36 actuation, and one. For this reason, when the inner sleeve 62 and the outer sleeve 
66 rotate relatively, the air inlet cam shaft 36 will rotate relatively to a pulley 40 50, i.e., a 
crankshaft, and the valve timing of an intake valve 16 will change. 

[0029] Drawing 6 shows the usual valve timing ( drawing 6 (A)) of an intake valve 14, and the 
valve timing when rotating relatively the air inlet cam shaft 36 and a pulley 40 with a step 
motor 80. In this example equipment, as shown in di-awing 6 (A), by the normal state, an intake 
valve opens by top dead center (TDC) this side alpha**CA (I. O), and closes the valve by after 
[ a bottom dead point (BDC) ] beta**CA (I. C). At the time of valve timing modification, as 
shown in drawing 6 (B), it opens by after [ TDC ] gamma**CA and the valve is closed by after 
[ BDC ] theta**CA. Moreover, the valve timing of the exhaust air bulb 32 is the same at 
drawing 6 (A) and (B), opens in BDC this side and is closed after TDC. 

[0030] In addition, adjustable valve timing equipment is not what is restricted to the structure 
of a graphic display. For example, the cam which makes the air inlet cam shaft 36 open an 
intake valve 16 by TDC this side alpha**CA, By taking out and inserting two tappets prepared 
independently, in order to prepare adjacently the cam made to open by after [ TDC ] 
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gamma**CA and to transmit the force of each cam to an intake valve 16, you may make it the 
structure of changing valve timing, by switching an effective cam. 

[0031] In drawing 2 , a sign 90 is the important section of this example equipment, and is a 
control circuit which detects an internal combustion engine's operation situation from the 
output signal of various sensors, and sets up inhalation-of-air valve timing according to the 
situation. A control circuit 90 consists of bus 90e for performing two-way communication of an 
instruction or data between microprocessing unit (MPU) 90a, memory 90b, input port 90c, 90d 
of output ports, and these units. 

[0032] Moreover, the program for performing a program, other ignition timing control, etc. for 
the valve timing control activation which is the important section of this example equipment is 
stored in the non -volatilized part of memory 90b, for example, a read-only memory, (ROM). And 
ignition timing-control equipment 2 and the valve-opening timing setting means 4 are realized 
because a control unit 90 performs these programs. 

[0033] As various sensors, a sign 92 shows crank each sensor. Crank each of this sensor 92 
consists of a permanent magnet piece which rotates with a crankshaft 26, and a hall device 
which detects the field which this permanent magnet emits, and emits a pulse signal for every 
TDC and BDC. 

[0034] A sign 94 shows efflorescence meter and emits the signal according to the inhalation air 
content supplied to an internal combustion engine. Moreover, a sign 96 shows a throttle 
position sensor and emits the signal according to an accelerator opening. Furthermore, the 
coolant temperature sensor 94 is formed in the cooling jacket of a cylinder block 18, and the 
signal according to the temperature THW of cooling water is emitted to it. And it connects with 
input port 90c of a control circuit 90, respectively, and these sensors supply each signal to the 
control circuit 90. 

[0035] Input port 90c is equipped with the circuit which calculates crank angle omega and the 
engine rotational frequency Ne based on the converter which changes an analog signal into a 
digital signal among the signals supplied from each sensor, and the pulse signal supplied to a 
list from the crank angle sensor 92. 

[0036] On the other hand, it connected with the ignitor 48 and the adjustable valve timing 
device 60, and 90d of output ports has transmitted the indication signal of ignition timing, and 
step motor 80 driving signal for obtaining desired valve timing. 

[0037] Although the processing hereafter performed in accordance with the program in which 
this example equipment is stored in ROM is explained, in advance of it, the outline of control is 
explained along with drawing 7 - drawing 9 . In addition, in drawing 8 and drawing 9 , the 
same sign is given to the same component as drawing 2 , and the explanation is omitted. 
[0038] Generally, in order to secure good exhaust air emission to an internal combustion 
engine's exhaust air system, the exhaust gas purge which consists of a three way component 
catalyst is incorporated, and in order to secure good exhaust air emission from immediately 
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after an internal combustion engine's start up, it is necessary to carry out temperature up of 
the three way component catalyst to an activity temperature field promptly after start up. 
[0039] For this reason, when fully not warming up the internal combustion engine, the angle of 
delay of the ignition timing is carried out, and the method of making an exhaust air system 
discharge incomplete combustion gas intentionally is used conventionally. Incomplete 
combustion gas is an elevated temperature compared with the exhaust gas burned completely, 
and it is because temperature up of the three way component catalyst can be carried out 
promptly. 

[0040] Drawing 7 is drawing showing the pressure in an internal combustion engine's 
combustion chamber 28, i.e., fluctuation of combustion pressure, and drawing 7 (A) expresses 
the situation when the usual ignition timing (time of day tl in front of TDC) is lit, and when 
drawing 7 (B) lights at the timing (time of day t2 after TDC) which carried out the angle of 
delay. 

[0041] the time combustion pressure goes up rapidly and reaches BDC after that when it lights 
by the usual ignition timing, as shown in drawing 7 (A) " already - the minimum level - the 
bottom - **** it is. Burning completely explosively the fuel with which this was supplied to 
the combustion chamber in the usual ignition timing is shown. 

[0042] On the other hand, as shown in drawing 7 (B), when the angle of delay of the ignition 
timing is carried out, combustion pressure is maintained by the low for a long period of time 
instead of [ which does not go up rapidly ]. When shown in this drawing, when reaching near 
the TDC which an exhaust air process should end, even if it becomes, the minimum level is not 
reached yet. That is, when the angle of delay of the ignition timing is carried out, since 
sufficient compression pressure is not obtained, the rate of combustion falls, and it means that 
prolonged combustion is maintained. For this reason, the elevated- temperature gas in the 
middle of combustion will be discharged by the exhaust air system, and a big heating value will 
be supplied to a three way component catalyst. 

[0043] However, by an internal combustion engine's usual valve timing, as shown in 
above-mentioned drawing 6 (A), in order to secure inhalation of air and an exhaust air process 
for a long time, it is set up so that the condition which both an intake valve and an exhaust air 
bulb open in near TDC, and the condition of the so-called valve overlap may exist. 
[0044] Drawing 8 shows the situation ( drawing 7 (A)) in front of TDC in the case of making the 
intake valve 16 open and close by the usual valve timing as usual (BTDC alpha**CA), and a 
situation ( drawing 7 (B)) in TDC. 

[0045] As described above, when the angle of delay of the ignition timing is carried out, 
combustion of a combustion chamber is maintained for a long period of time. That is, when a 
piston 22 reaches TDC again, even if it becomes, to the combustion chamber, hot incomplete 
combustion gas still remains with a certain combustion pressure. 

[0046] For this reason, if an intake valve 16 opens near the TDC as shown in drawing 8 (B), 
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elevated-temperature incomplete combustion gas (inside of drawing 8 , ■) will flow backwards 
from a combustion chamber 22 to an inlet port 14. And it ignites to the fuel in an inlet port 14 
(inside of drawing 8 , O), and back fire occurs. 

[0047] In this example equipment, drawing 9 expresses the condition at the time of performing 
angle-of-delay control of valve timing so that an intake valve 16 may open after TDC (ATDC) 
while carrying out angle-of-delay control of the ignition timing. 

[0048] That is, as shown in drawing 9 (A) - drawing 9 (D), immediately after the exhaust air 
bulb 32 which was opening in BTDC closes the valve, an intake valve 16 does not open, but a 
piston 22 descends, and ATDCgammadegreeCA is reached, and it begins, and an intake valve 
16 opens. 

[0049] In this case, although elevated-temperature incomplete combustion gas (inside of each 
drawing, -) is full in a combustion chamber 28 like the case of above-mentioned drawing 8 
immediately after TDC ( drawing 9 (B)), since the intake valve 16 has closed, back fire is not 
generated. Since a piston 22 descends in this condition, in a combustion chamber 28, adiabatic 
expansion is performed ( drawing 9 (O), and by the time it reaches ATDCgammadegreeCA 
which an intake valve 16 opens, while the temperature of incomplete combustion gas falls [ the 
bottom ], the pressure in a combustion chamber 28 will also decline. 

[0050] Therefore, even if an intake valve 16 opens in ATDCgammadegreeCA, hot incomplete 
combustion gas will not flow backwards to an inlet port 14 any longer, and the back fire by this 
will be prevented thoroughly. 

[0051] Drawing 10 shows the flow chart of an example of the routine which a control device 90 
performs, in order to perform the above-mentioned valve timing angle-of-delay control. This 
routine is constituted as every predetermined time and a time interruption routine performed 
every 25msec(s). 

[0052] If this processing starts, an internal combustion engine's operational status will be 
detected first, and it will judge whether angle-of-delay control of ignition timing should be 
performed. That is, in order to detect the cooling water temperature THW, the output signal of 
a coolant temperature sensor 94 is read (step 101), and it distinguishes whether THW has 
reached the predetermined temperature K (step 102). 

[0053] In this example equipment, in order that in THW<K it may not fully warm up the 
internal combustion engine, namely, he may judge that the three way component catalyst has 
not arrived at an activity temperature field and may perform angle-of-delay control of ignition 
timing, it progresses to step 103. 

[0054] Here, angle-of-delay control of ignition timing uses a well-known approach. That is, the 
engine rotational frequency Ne, a throttle opening, and the inhalation air content Q are read 
from the various above-mentioned sensors 92, 94, and 96 (step 103), and the fuel injection 
duration TAU in an injector (not shown) is calculated based on these values (step 104). 
[0055] And the amount omega of ignition timing angles of delay determined using the map (not 
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shown) which expresses relation with the optimal amount of ignition timing angles of delay as 
this TAU is directed to an ignitor 48 (step 105). In addition, the map which expresses relation 
with the optimal amount of ignition timing angles of delay as TAU is memorized by ROM in 
memory 90b. 

[0056] For step 106, omega is the predetermined amount omega 0 of angles of delay while 
detecting omega which corresponded to the amount detection means of angles of delay of this 
invention, and was determined at the above-mentioned step 105 as an amount of ignition 
timing angles of delay. It distinguishes whether it has exceeded or not. 

[0057] Here, it is omega 0. The elevated-temperature incomplete combustion gas which 
remained in the combustion chamber 28 is the amount of ignition timing angles of delay set up 
as the minimum value with a possibility of flowing backwards to an inlet port 14. Namely, the 
above-mentioned step 106 has judged the danger of back fire generating using omega, and is 
omega>omega 0. In a case, it is judged that there is the fear. 

[0058] Omega>omega 0 If distinguished, angle-of-delay control of valve timing will be 
performed for back fire prevention. That is, the amount of intake valve angles of delay 
according to the amount omega of angles of delay is calculated (step 107), and only the number 
of steps which realizes the amount of valve timing angles of delay drives a step motor 80, and 
ends processing (step 108). 

[0059] And if it fully warms up an internal combustion engine and is distinguished from 
THW>=K at the above-mentioned step 102, ignition timing will be returned to the timing of 
criteria and angle-of-delay control will be stopped (step 109). For this reason, it is not necessary 
to carry out the angle of delay of the valve timing any longer, the driving signal for returning to 
the valve timing of criteria is set up (step 110), and a step motor is driven. 

[0060] Moreover, it sets to this example equipment and the amount of angles of delay of 
ignition timing is omega 0. Since it is considering as the configuration which does not carry out 
angle-of-delay control of the valve timing when having not reached, it is the above-mentioned 
step 106, and it is omega<=omega 0. Also when distinguished, valve timing is returned to a 
reference value and processing is ended. 

[0061] In addition, although it is calculating as what has proportionality in this example 
equipment between the amount of angles of delay of an intake valve, and the amount omega of 
angles of delay of ignition timing since the danger that back fire will occur becomes high so that 
the amount omega of ignition timing angles of delay is large, it is good also as a configuration 
which can reproduce both relation with a more sufficient precision using the map which does 
not restrict to this and expresses both relation. 

[0062] Moreover, threshold omega 0 predetermined with the above-mentioned configuration in 
the amount omega of angles of delay of ignition timing When having not reached, it is 
considering as the configuration which does not perform angle-of-delay control of valve timing, 
but when the angle of delay of the ignition timing is carried out, it is good also as a 
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configuration which always performs angle-of-delay control of valve timing. Furthermore, 
although it is considering as the configuration which performs angle -of-delay control with this 
example equipment until THW reaches predetermined temperature, only an internal 
combustion engine's predetermined time after start up is good also as a configuration which 
carries out angle-of-delay control. 

[0063] Drawing 1 1 shows drawing in which actuation of this example equipment was 
summarized. Hereafter, the effectiveness of this example equipment is explained using this 
drawing. 

[0064] Drawing 11 (A) shows drawing showing the relation between the time amount after 
internal combustion engine start up, and ignition timing. As described above, when fully not 
warming up the internal combustion engine, this example equipment carries out angle-of-delay 
control of the ignition timing, and plans early temperature up of a three way component 
catalyst. That is, it sets to drawing 11 (A) and they are after internal combustion engine start 
up and time of day tl. Angle-of-delay control of ignition timing starts. 

[0065] Here, in this example equipment, although elevated "temperature incomplete 
combustion gas flowed backwards to the inlet port by this angle-of-delay control and back fire 
was caused with conventional equipment, as shown in drawing 11 (B) and (C), angle-of-delay 
control of the valve timing of an intake valve 16 can be carried out, the back run of 
elevated-temperature incomplete combustion gas [ / near the TDC ] can be prevented, and back 
fire does not occur. 

[0066] Furthermore, greatly [ when the amount of angles of delay of ignition timing is large ] 
( drawing 11 (B)), the amount of angles of delay of this intake valve 16 is small when the 
amount of angles of delay of ignition timing is small, and it can be set up continuously. For this 
reason, with conventional equipment, in becoming possible to carry out the angle of delay of the 
ignition timing to the field which was not able to be set up under the condition that back fire 
occurred frequently, the intake valve opening in an inhalation-of-air process is not stopped 
beyond the need, and an internal combustion engine's loss of power can be made into the 
minimum. 

[0067] and if an internal combustion engine's temperature reaches predetermined temperature 
(inside of drawing 11 (A), time of day t2), while ending angle-of-delay control of ignition timing, 
it is based on the valve timing which has a valve overlap as shown in drawing 11 (D) - it 
usually changes to operation. 

[0068] Thus, in being able to prevent back fire certainly according to this example equipment, 
compared with conventional equipment, the angle-of-delay possible width of face of ignition 
timing becomes possible [ shortening breadth and the time amount which the temperature up 
of a three way component catalyst takes ], and becomes possible [ it being / the loss of power 
under warming-up / minimum-hard, and stopping it ]. 

[0069] In addition, it sets in the above-mentioned example and the amount of angles of delay of 
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ignition timing is omega 0. When reaching, although angle -of- delay control of an intake valve 
16 is performed, when angle-of-delay control of the ignition timing for not restricting to this 
and heating a three way component catalyst is performed, it is good also as a configuration 
which always carries out angle-of-delay control of the valve timing. 

[0070] Moreover, although the adjustable valve timing device 60 which can change continuous 
valve timing is used for this example equipment, using the device of the type which switches 
timing discretely, angle -of- delay control of ignition timing is performed, or it is good also as a 
configuration which switches that timing, and no enables it this configuration, then to 
manufacture more cheaply. 
[0071] 

[Effect of the Invention] If angle-of-delay control of ignition timing is performed with 
conventional equipment like **** according to this invention, it will become possible to prevent 
the back run of elevated-temperature incomplete combustion gas to elevated-temperature 
incomplete combustion gas having flowed backwards to the inlet port, and having generated 
back fire by carrying out angle-of-delay control of the valve timing of an intake valve. 
[0072] Therefore, it becomes possible to prevent the back fire produced at the time of 
angle-of-delay control of ignition timing, and has the features that improvement in the degree 
of comfort of an internal combustion engine's safety, endurance, and a car can be aimed at. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is principle drawing of the valve timing control unit of the internal combustion 
engine concerning this invention. 

[Drawing 2] It is the block diagram of one example of the valve timing control unit of the 
internal combustion engine concerning this invention. 

[Drawing 3] It is the configuration sectional view of the adjustable valve timing device used 
for this example equipment. 

[Drawing 4] They are some transverse-plane sectional views of the adjustable valve timing 
device used for this example equipment. 

[Drawing 5] A part of valve timing device shown in drawing 4 It is V view drawing. 
[Drawing 6] It is drawing showing the valve timing of the internal combustion engine having 
the adjustable valve timing device used for this example equipment. 
[Drawing 7] It is drawing showing the relation between an internal combustion engine's 
combustion pressure and ignition timing. 

[Drawing 8] It is drawing for explaining the actuation at the time of an intake valve opening 
and closing by the usual valve timing. 
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[Drawing 9] It is drawing for explaining the actuation at the time of an intake valve opening 
and closing by the valve timing by which angle-of-delay control was carried out. 
[Drawing 10] It is the flow chart of the valve timing control routine which this example 
equipment performs. 

[Drawing 1 1] It is drawing in which actuation of this example equipment was summarized. 
[Description of Notations] 

1 Internal Combustion Engine 
1a, 16 Intake valve 

2 Ignition Timing-Control Equipment 

3 60 Adjustable valve timing device 

4 Valve-Opening Timing Setting Means 
28 Combustion Chamber 

30 Ignition Plug 

36 Air Inlet Cam Shaft 

40 Timing Pulley 

62 Inner Sleeve 

62a, 66a Projection 

66 Outer Sleeve 

70 72 Roller 

80 Step Motor 

90 Control Unit 

92 Crank Angle Sensor 

94 Air Flow Meter 

96 Throttle Sensor 



[Translation done.] 
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